Monitoring of early pregnancy and early embryonic mortality by ultrasound and determination of PAG and progesterone in cows
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Abstract
 The aim of study was to investigate the role of pregnancy associated glycoproteins (PAG) in early pregnancy as well as possibility of using PAG and ultrasound as diagnostic tools in diagnosis of embrionic mortality. Our research included 74 simmental cows,  3-7 years old,  calved every year. According to ultrasound findings (17., 24., 35. and 45. day after artificial insemination; AI) the cows were divided in 3 groups: pregnant cows (n=34), nonpregnant cows (n=18) and cows suffered embryonic mortality (n=21). Blood samples were collected every 72 hours between 12. and 45. day after AI and level of  progesterone and pregnancy associated glycoproteins (PAG) were determined. Statistical analysis of variance for progesterone at day 12., 21. and 35. after AI shown significant difference between pregnant cows and both nonpregnant and embryonic mortality group (p>0,05). PAG variance analysis at day 24., 30. and 34. after AI shown high significant difference (p>0,01) between the nonpregnant and both embryonic mortality and pregnant group. On the other hand, variance analysis shown  that middle values for PAG at days 40. and 45. after AI were highly significantly different (p>0,01) between pregnant and both nonpregnant and embryonic mortality group. The conclusion came out that it is impossible to determine embryonic mortality just on basis of progesterone profile, but it is easy to distinguish pregnant from nonpregnant cows, if cows are supposed to be pregnant more than 21 day. It is very easy and accurate to distinguish nonpregnant cows from cows that suffered early embryonic mortality. Furthermore, 98% cows in our research who experienced embryonic mortality, lost embryo 17-24 days after AI, visible in drastic decrease of PAG 7,5-9 days later. Using PAG for pregnancy diagnosis enables us to prove existence of alive vital embryo in uterus 24. days after conception.
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Introduction
A variety of different methods have been, and still are used to detect the presence or absence of pregnancy in the cow. These range from the identification of substances that are present in body fluids using laboratory assays, and from different ultrasound modes, to simple  clinical methods such as transrectal palpation; that is ubiquitously used method for the last 70 years, together with widespread management methods (failure to return to oestrus). In terms of efficient livestock production, it is the early identification of the nonpregnant cow that is important, since immidiate measures can be taken to attempt to induce pregnancy again as soon as possible.
Realtime B-mode grey-scale ultrasound scanning is the method of choice for the early diagnosis of pregnancy in the cow. Using a 7.5 MHz transducer, Boyd et al. (1988) were able to confirm pregnancy as early as 9 days, whilst Pierson and Ginther (1984), using a 5 MHz transducer were able to do so at 12 and 14 days in heifers. However, experienced persons can accurately diagnose pregnancy, either at the time of, or before, the expected date of return to estrus in the nonpregnant cyclical animal. Accurate proof of existence alive and vital embryo, according to ultrasound findig could be made at day 24. when heart rate becomes visible (Goddard et al., 1994). There are also some laboratory methods widely used for early pregnancy diagnosis. The most common is determination of progesterone in blood and milk, 21 days after oestrus and determination of different pregnancy specific proteins, used in pregnancy diagnosis of ruminants till early ninetees (Zoli et al., 1992., Beckers et al. 1995., Szenci et al., 1996., Karen et al., 2002., Prvanović et al., 2003). The main advantage of pregnancy specific proteins (PSP) is their ability to prove existence of placentation and presence of alive vital embryo, while progesterone only proves existence of corpus luteum.
*dr. sc. Nikica Prvanović, Clinic for obstetrics and reproduction, Heinzelova 55, 10 ¸
000 Zagreb, Croatia

The most commonly used pregnancy specific protein for pregnancy diagnosis in cows is PAG (pregnancy associated glycoprotein).Pregnancy associated glycoprotein has been found in the serum of pregnant cattle and used as a pregnancy marker (Perenyi, 2002). As pregnancy failure occurs, PAG concentrations dropped and disappeared from maternal blood. Sequential assays of these proteins between day 24 and term are useful for studying the course of pregnancy, although it does not allow discrimination between early embryonic mortality and non-fertilization (Mialon et al., 1993). As PAG molecules are the products of the trophoblastic cells, it was suggested that their determination in maternal blood can be useful for prediction of fetal well-being and help to detect early placental abnormalities, embryonic mortality or abortion (Ectors et al., 1996.). Heifers expressing pregnancy failure between days 16 and 35 after AI have shown wide variation in pregnancy specific protein 60 (PSP60) concentrations at days 28 and 35. This phenomenon was explained by the variation in the time of embryo death (Mialon et al., 1993). This author reported some cases where at day 50 ultrasonic scanning and signs of oestrus indicated that the embryo was already dead, however till this day the PSP60 concentrations were increasing. Decreasing PSP60 concentrations were observed in some animals before day 50, were according to ultrasonic examination, the conceptus was still alive.
Pregnancy specific protein B ( BPSPB) test in conjunction with milk progesterone test was used to determine the time of the embryonic death (Humblot et al., 1988). In most of the early failures an elevation in the PSPB concentrations was not detectable, or only after day 24. No coefficient of correlation between PSPB and progesterone concentration was significant at any days of gestation studied. Significant difference was found in the rate of mean PSPB levels between pregnant cows and cows showing late embryonic mortality between days 24 and 30-35 after AI. In their study it was not possible to predict the occurrence of embryonic mortality.
After invitro production of embryos or cloning, the PAG follow up in plasma samples collected weekly was able to monitor embryonic or fetal mortality (Ectors et al., 1996, 1997). In that studies it was concluded that significantly increased PSP60 levels could indicate abnormal placental development. 
In veterinary practice, PAG and PSPB RIAs in biological fluids are helpful to confirm clinical diagnoses established by ultrasonography (Szenci et al., 1998.) Cows presenting an initial positive and then negative ultrasonographic diagnosis expressed decreasing PAG concentrations (Szenci et al., 1998) The high progesterone and PAG concentrations confirmed the presence of a live conceptus ansd a functional corpus luteum at the time of the first ultrasonographic examination. After the time of embryonic mortality occurred, the PAG levels had already decreased, while progesterone concentrations have shown that the corpus luteum was maintained in three of four cases. Following embryonic mortality using ultrasonography, PAG and PSPB concentrations decreased steadily, in one animal these protein concentrations did not reach the threshold level (Szenci et al., 1998). Mentioned authors were able to diagnose late embryonic and fetal mortality cases retrospectively in seven cows using PSPB RIA test and in four cows using PAG RIA test (Szenci et al., 2000).
Because of the large individual variations in PAG concentrations in maternal blood, only the marked decrease or disappearance in serum/plasma concentrations of these proteins can be a no controversial, predictive sign of embryonic or fetal death.

Material and methods:
Our research included 74 simmental cows,  3-7 years old, which were regularly used in reproduction and calved every year.  According to ultrasound findings (17., 24., 35. and 45. day after artificial insemination; AI) the cows were divided in 3 groups: pregnant cows (n=34), nonpregnant cows (n=18) and cows suffered embryonic mortality (n=21). Cows which were suspect to be pregnant by all four examinations were divided into pregnant group. Cows who were considered to be pregnant according to first or first two ultrasound findings and nonpregnant according to the last or last two findings were divided into embryonic mortality group. Cows considered to be nonpregnant by all four ultrasound findings were divided into nonpregnant group. Blood samples were collected every 72 hours between 12. and 45. day after AI and level of  progesterone and pregnancy associated glycoproteins (PAG) were determined. We used only sampligs which could be diagnostically valuable. For progesterone at days 14., 21. and 35. after AI and for PAG at days 24., 30., 34., 40. and 45. after AI. The PAG measurements were performed according to the method of Zoli et al. (1992) with some modifications. Briefly, the previously weighed standards and the plasma samples (0,1 ml) were diluted in 0,2 ml of Tris buffer at pH 7.5 {0,025 M Tris, 0,01 M MgCl2  0,01% (wt/vol) sodium-azide, 0,05% (wt/vol) bovine serum albumin (BSA). The standard curve ranged from 0,2 to 25 ng/ml  and in order to minimize non-specific interference 0,1 ml virgin heifer plasma was added to each tube of the standard curve. After the addition of appropriate dilutions of antisera the plasma samples and the standards were incubated overnight at room temperature. Antisera titres were determined to obtain a tracer binding-ratio in the zero standards of approximately 20-30%. The following day, tracer (0,1 ml or 25 000 cpm) was added to all the tubes and the tubes were incubated for 4 h at room temperature. The total assay volume was 0,5 ml. The separation of the free and bound fractions was carried out by centrifugation ( 20 min at 1500xg, 10°C) after the addition of 1 ml second antibody polyethylene glycol (PEG) solution {0,17% (v/v)  normal rabbit serum, 0,83% (v/v) sheep anti-rabbit IgG, 0,3% (wt/vol) BSA, 4% (wt/vol) polyethylene glycol 6000 in Tris buffer}. After the tubes had been incubated for 1 h with the second antibody PEG solution, 2 ml of Tris buffer was added and the tubes were centrifuged  (20 min at 1500xg). The supernatant was aspirated and 4 ml of Tris buffer was added to each tube. The tubes were centrifuged (20 min at 1500xg) and the supernatant aspirated. The 125I in the pellet was quantified using a gamma counter (LKB Wallac 1261 Multigamma counter,LKB, Turku, Finland) with a countig efficeiency of 75%. Level of progesterone in sera samples was determined using standard RIA method with conjugated steroids (Coat-A-Count TKPG, Diagnostic product Corporation) without preincubation. The 125I in the pellet was quantified using a gamma counter (LKB Wallac 1261 Multigamma counter,LKB, Turku, Finland) with a countig efficeiency of 75%. All samples in both methods (PAG and progesterone) were analysed in duplicate with middle value as result and all suspect results were repeated. We used program Statistica and ANOVA to perform variance analysis and linear correlations.
Results:

Abbrevitaions used in results:    PAG1- sampling at day 24.after AI
PAG2- sampling at day 30. after AI
PAG3- sampling at day 34. after AI

PAG4- sampling at day 40. after AI
PAG5- sampling at day 45. after AI
PROG1- sampling at day 14. after AI
PROG2- sampling at day 21. after AI
PROG3-sampling at day 35. after AI
Table 1: Descriptive statistics for group of  pregnant cows

	
	Valid N
	Mean
	Minimum
	Maximum
	Variance
	Std.Dev.
	Standard

Error

	PAG1
	32
	0,894656
	0,3
	1,784
	0,081959
	0,286285
	0,050609

	PAG2
	32
	1,453688
	0,702
	2,436
	0,181449
	0,425968
	0,075301

	PAG3
	32
	2,103688
	1,327
	3,234
	0,352749
	0,593927
	0,104992

	PAG4
	32
	2,700969
	1,56
	5,223
	0,606127
	0,778541
	0,137628

	PAG5
	32
	3,520063
	1,767
	5,883
	0,907381
	0,952566
	0,168391

	PROG1
	32
	6,379625
	2,761
	9,671
	4,018287
	2,004566
	0,354361

	PROG2
	32
	7,587156
	3,178
	12,364
	5,46764
	2,338299
	0,413357

	PROG3
	32
	8,869406
	4,605
	17,445
	10,41509
	3,227242
	0,570501


Table 2 Descriptive statistics for group of embryonic mortality cows

	
	Valid N
	Mean
	Minimum
	Maximum
	Variance
	Std.Dev.
	Std.Error

	PAG1
	21
	1,115524
	0,574
	1,872
	0,100983
	0,317778
	0,069345

	PAG2
	21
	0,905095
	0,3
	2,436
	0,26902
	0,518672
	0,113183

	PAG3
	21
	0,577143
	0
	2,865
	0,857624
	0,92608
	0,202087

	PAG4
	21
	0,41981
	0
	3,639
	1,158163
	1,07618
	0,234842

	PAG5
	21
	0,405
	0
	3,924
	1,372416
	1,171502
	0,255643

	PROG1
	21
	4,876476
	2,364
	8,56
	3,533135
	1,879663
	0,410176

	PROG2
	21
	1,00981
	0,165
	1,837
	0,178944
	0,423018
	0,09231

	PROG3
	21
	4,592333
	2,016
	9,355
	3,445794
	1,856285
	0,405075


Table 3 Descriptive statistics for group of  nonpregnant cows
	
	Valid N
	Mean
	Minimum
	Maximum
	Variance
	Std.Dev.
	Std.Error

	PAG1
	18
	0,011167
	0
	0,124
	0,001121
	0,033484
	0,007892

	PAG2
	18
	0,019889
	0
	0,358
	0,00712
	0,084381
	0,019889

	PAG3
	18
	0,006222
	0
	0,112
	0,000697
	0,026399
	0,006222

	PAG4
	18
	0
	0
	0
	0
	0
	0

	PAG5
	18
	0
	0
	0
	0
	0
	0

	PROG1
	18
	3,761444
	0,792
	5,85
	1,446196
	1,202579
	0,283451

	PROG2
	18
	1,019222
	0,111
	4,193
	0,969116
	0,984437
	0,232034

	PROG3
	21
	4,108048
	0,265
	7,794
	2,174592
	1,47465
	0,321795


Figure 1: PAG level in blood of pregnant, nonpregnant and embryonic mortality group in ng/ml (Values with different superscripts within the same columns differ significantly (P<0.05; ANOVA)
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Figure 2: Progesterone level in blood of pregnant, nonpregnant and embryonic mortality group in ng/ml (Values with different superscripts within the same columns differ significantly (P<0.05; ANOVA)
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Variance analysis has shown that there is significant difference (P<0,05) for middle values of PAG1, PAG2 and PAG3 between all three groups. Variance analysis for PAG4 and PAG5 has shown that there is high significant difference (P<0,01) between pregnant and both nonpregnant and embrionic mortality group.
Variance analysis for PROG2 has shown significant difference (P<0,05)  between pregnant cows and both nonpregnant and embrionic mortality group. Variance analysis for PROG 1 and PROG 3 didn't show any significant difference between the groups.
Ananlysis of linear correlations between the group didn't show any significant linear correlation between the parameters or groups.

Discussion and conclusions

Statistical analysis of variance for progesterone at day 12., 21. and 35. after AI shown significant difference between pregnant cows and both nonpregnant and embryonic mortality group (p>0,05). PAG variance analysis at day 24., 30. and 34. after AI shown high significant difference (p>0,01) between the nonpregnant and both embryonic mortality and pregnant group. On the other hand, variance analysis shown  that middle values for PAG at days 40. and 45. after AI were highly significant different (p>0,01) between pregnant and both nonpregnant and embryonic mortality group. The conclusion came out that it is impossible to determine embryonic mortality just on basis of progesterone profile, but it is easy to distinguish pregnant from nonpregnant cows, if cows are supposed to be pregnant more than 21 day. It is very easy and accurate to distinguish nonpregnant cows from cows that suffered early embryonic mortality. Furthermore, 98% cows in our research who experienced embryonic mortality, lost embryo 17-24 days after AI, visible in drastic decrease of PAG 7,5-9 days later. Using PAG for pregnancy diagnosis enables us to prove existence of alive vital embryo in uterus 24. days after conception.
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